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DESCRIPTION 
TRANSMISSION LINE CONNECTING STRUCTURE AND 
TRANSMISSION/RECEPTION DEVICE 

Technical Field 

The present invention relates to a transmission line connecting structure 
for transmitting high-frequency signals such as microwaves or millimeter waves 
for example, and a transmission/reception device which is configured using the 
transmission line connecting structure. 

Background Art 

In general, a conventional transmission line connecting structure is 
known wherein a slot line is configured by forming a slot of a predetermined slot 
width dividing a front surface electrode formed on the front surface of a dielectric 
substrate, for example, and multiple such slot lines are connected (e.g., see Patent 
Document 1). With such conventional art, the front face electrodes of two slot 
lines are positioned in a state opposing one another across a predetermined gap 
provided therebetween, and also provided to each front surface electrode is a slot 
resonator with one end open which is made of a generally square notch wherein 
the edge on the gap side is open. The slot lines are each connected to each slot 
resonator, and also these two slot resonators are coupled one to another, with the 
two slot lines being connected so as to be capable of propagating high-frequency 
signals. Also, a configuration of a transmission/reception device is known, such 
as a communication device using such a transmission line connecting structure 
(e.g., see Patent Document 2). 
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Patent Document 1: Japanese Unexamined Patent Application Publication 
No. 2001-308601 

Patent Document 2: Japanese Unexamined Patent Application Publication 
No. 2003-101301 

With the conventional art in Patent Document 1, one end of the slot 
resonators are open towards the gap between the two front surface electrodes, 
and so the high-frequency signal can leak from the open edge sides of the slot 
resonators towards the gap. When a transmission/reception device using a 
transmission line is housed within a package as described in Patent Document 2, 
in general the front surface electrode is in contact with a conducting wall face in 
the package and is grounded for example. Accordingly, the front end of the gap 
is short-circuited by the wall face within the package. In other words, the gap 
between the front surface electrodes function as a leakage line, and also the front 
edge of this leakage line is short-circuited by the package. Thus, the actual 
current from the leaked high-frequency signal flows at the short edge 
(short-circuit edge) of the leakage line in the package, and so the resonance 
frequency of the slot resonator can easily be influenced by the connection state of 
the front surface electrode and the package. As a result, a problem can occur 
wherein the coupling properties of the two slot lines become unstable. 

Also, the resonance frequency of the slot resonators changes based on the 
distance from the slot resonator to the package. Thus, in order to maintain the 
coupling properties between the slot lines constant, the measurement precision of 
the parts of the dielectric substrate, the front surface electrode, and the package 
and the like, and the mounting precision when mounting the dielectric substrate 
within the package, needs to be improved. Thus, a problem can occur wherein 
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the manufacturing cost for configuring a module such as a communication device 
increases. 

Further, the resonance frequency of the slot resonators changes according 
to the distance measurements of the leakage line between the package and the slot 
resonator, and so the connecting structure of the package and the front surface 
electrode needs to be designed for each measurement of the package. Thus, 
there is the problem of low design freedom. 

Disclosure of Invention 

The present invention has been made in light of the problems of the 
conventional art described above, and accordingly it is an object thereof to 
provide a transmission line connecting structure and a transmission/reception 
device which suppresses propagation of a leaked current through the gaps 
between the electrodes of the transmission lines, stabilizes the coupling properties 
between the transmission lines, and lowers the manufacturing cost and improves 
the degree of design freedom. 

(1). In order to solve the above-described problems, the present 
invention is a transmission line connecting structure comprising: a transmission 
line including a dielectric substrate, an electrode formed on one side of the 
dielectric substrate, and a slot having a predetermined width and formed at the 
electrode, a plurality of such transmission lines being connected; wherein an 
electrode of one of the plurality of transmission lines and an electrode of another 
one of the plurality of transmission lines are provided at a distance from one 
another with a gap therebetween; and wherein a resonator is connected to said 
transmission line, one end of the resonator is open on the gap side, the resonator 
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is provided at each electrode so as to be able to couple with one another; and 
wherein a stub for suppressing leakage of a signal in the gap between the 
plurality of electrodes is provided at at least one of said plurality of electrodes; 
and wherein, when the wavelength of a high-frequency signal in odd mode which 
propagates said transmission line is Xgjodd, the length of the stub is set to the 
approximate value of ^g_odd/4, and the length between said resonator and stub is 
set to a value sufficiently smaller than Xg_odd/2. 

According to the present invention, the multiple electrodes which are 
separated with a gap therebetween each have a resonator provided thereupon, 
and a transmission line is connected to each resonator. Thus, by coupling 
multiple resonators to one another, multiple transmission lines can be connected, 
and the high-frequency signal can propagate between these transmission lines. 
At this time, the resonator is open on the gap side, and so the high-frequency 
signal has a tendency to leak in the gap between the electrodes from the open end 
of the resonator. Conversely, by providing a stub on at least one of the electrodes 
of the multiple electrodes, leakage of the high-frequency signal in the gap can be 
suppressed by using the stub. Thus, even when the front edge side of the gap is 
short-circuited by the package internal wall or the like for example, actual current 
from the high-frequency signal does not flow to this short-circuit edge, and the 
resonance frequency of the resonator can be stabilized. As a result, the 
connection state of the transmission line can be stabilized, and also the 
measurement precision or mounting precision of the dielectric substrate, 
electrodes, and so forth do not need to be improved, and the cost can be lowered 
and the degree of design freedom can be improved. 

Also, the length of the stub is set to the approximate value of the 
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wavelength >,g_odd/4 of the high-frequency signal in odd mode. Therefore, even 
when the high-frequency signal in odd mode leaks through the gaps, the 
branching position (base end side of the stub) of the gap and the stub can be made 
into a virtual open end as to the high-frequency signal. Thus, the reflective 
properties as to the leaked high-frequency signal improves, and so the leaked 
high-frequency signal can be blocked with the stub in a sure manner, and the 
stability of the resonance frequency of the resonator can be further increased. As 
a result, even when there is comparatively large inconsistencies in the various 
measurements of the dielectric substrate and so forth, a desired transiting band 
can be secured between the two transmission lines, and also connection loss of the 
two transmission lines can be reduced. 

Further, the length between the resonator and the stub is set to a value 
sufficiently smaller than 1/2 of the wavelength Xg_odd of the high-frequency 
signal in odd mode. Therefore, when the two resonators are resonating in odd 
mode in which an electrical field is formed mutually in the opposite direction, the 
two resonators resonate at a resonating frequency of an approximate value of 
kg_odd/2, which is the sum of the length of the resonator, the length between the 
resonator and the stub, and the length of the stub. 

Now, in order to have the two resonators also resonate in even mode in 
which an electrical field is formed mutually in the same direction, the length of 
the resonator extended along the propagating direction of the high-frequency 
signal should be set to a value around 1/4 of the wavelength Xg_even of the 
high-frequency signal in even mode. Also, when the two resonators resonate in 
even mode, the high-frequency signal does not leak into the gaps. Therefore, the 
resonating frequency in the even mode is a generally fixed value, regardless of the 
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length between the resonator and the stub. On the other hand, the resonating 
frequency in the odd mode varies with the length between the resonator and stub 
and the length of the stub. Thus, the resonating frequency in the odd mode can 
be set by the length between the resonator and stub and so forth. As a result, a 
bandpass filter with two stages can be configured by using the coupling between 
the even mode and the odd mode, and also the resonating frequency in the odd 
mode can be set independently from the resonating frequency in the even mode, 
and the design of the connecting structure can be improved. 

Also, the length between the resonator and the stub is set to a value 
sufficiently smaller than kg_odd/2. Therefore, the resonating frequency in the 
odd mode can be set lower than the resonating frequency in the even mode, and a 
pass band can be provided on the lower side of the resonating frequency in the 
even mode. Further, because the length between the resonator and the stub is set 
to a value sufficiently smaller than Xg_odd/2, the resonator and the stub can be 
positioned in close proximity, and the connecting structure of the transmission 
line can be downscaled. 

(2). Also, the present invention can be configured such that a 
transmission line connecting structure comprises: a transmission line including a 
dielectric substrate, an electrode formed on each side of the dielectric substrate, 
and a slot having a predetermined width, each slot oppossing one another while 
sandwiching said dielectric substrate, the slot being formed at each electrode, a 
plurality of such transmission lines being connected; wherein an electrode of one 
of the plurality of transmission lines and an electrode of another one of the 
plurality of transmission lines are provided at a distance from one another with a 
gap therebetween; and wherein a resonator is connected to said transmission line, 
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one end of the resonator is open on the gap side, the resonator is provided at each 
electrode so as to be able to couple with one another; and wherein a stub for 
suppressing leakage of a signal in the gap between the plurality of electrodes is 
provided at at least one of said plurality of electrodes; and wherein, when the 
wavelength of a high-frequency signal in odd mode which propagates said 
transmission line is Xg_odd, the length of the stub is set to the approximate value 
of Xg_odd/4, and the length between said resonator and stub is set to a value 
sufficiently smaller than Xg_odd/2. 

This case differs from the above description wherein an electrode is 
provided on one side of the dielectric substrate, and here an electrode is provided 
on each side of the dielectric substrate. However, the point of providing a slot, a 
resonator, and a stub as to an electrode is the same as with the above-described 
configuration. Also, the point of setting the length of the stub to an approximate 
value of X,g_odd/4, and setting the length between the resonator and stub is set to 
a value sufficiently smaller than Xg_odd/2 is also the same as with the 
above-described configuration. Accordingly, even in the case that an electrode is 
provided on each side of the dielectric substrate, generally the same effects can be 
obtained as with the case of providing an electrode on one side of the dielectric 
substrate, as described above. 

(3). Also, the present invention can be configured such that a 
transmission line connecting structure comprises: a transmission line including a 
dielectric substrate, an electrode formed on one side of the dielectric substrate, 
and a slot having a predetermined width and formed at the electrode, a plurality 
of such transmission lines being connected; wherein an electrode of one of the 
plurality of transmission lines and an electrode of another one of the plurality of 
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transmission lines are provided at a distance from one another with a gap 
therebetween; and wherein a resonator is connected to said transmission line, one 
end of the resonator is open on the gap side, the resonator is provided at each 
electrode so as to be able to couple with one another; and wherein a stub for 
suppressing leakage of a signal in the gap between the plurality of electrodes is 
provided at at least one of said plurality of electrodes; and wherein when the 
wavelength of a high-frequency signal in odd mode which propagates said 
transmission line is A,g_odd, the length of the stub is set to the approximate value 
of Xg_odd/4, and the length between said resonator and stub is set to the 
approximate value of >.g_odd/2. 

In this case also, a stub is provided on at least one of the electrodes. 
Therefore, leakage of the high-frequency signal in the gaps can be suppressed 
using this stub. Also, the length of the stub is set to the approximate value of 
Xg_odd/4. Therefore, even when the high-frequency signal in odd mode leaks 
through the gaps, the branching position (base end side of the stub) of the gap 
and the stub can be made into a virtual open end as to the high-frequency signal. 
Thus, the reflective properties of the leaked high-frequency signal improves, and 
so the leaked high-frequency signal can be blocked with the stub in a sure manner, 
and the stability of the resonance frequency of the resonator can be further 
heightened. As a result, even when there is comparatively large inconsistencies 
in the various measurements of the dielectric substrate and so forth, a desired 
pass band can be secured between the two transmission lines, and also connection 
loss of the two transmission can be reduced. 

Further, the length between the resonator and the stub is set to a value 
around 1/2 of the wavelength Xg_pdd of the high-frequency signal in odd mode. 
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Therefore, when the two resonators are resonating in odd mode in which an 
electrical field is formed mutually in the opposite direction, the two resonators 
resonate at a resonating frequency of an approximate value of the wavelength 
kg_odd, which is the sum of the length of the resonator, the length between the 
resonator and the stub, and the length of the stub. 

Now, in order to have the two resonators also resonate in even mode in 
which an electrical field is formed mutually in the same direction, the length of 
the resonator extended along the propagating direction of the high-frequency 
signal should be set to a value around 1/4 of the wavelength A,g_even of the 
high-frequency signal in even mode. Also, when the two resonators resonate in 
even mode, the high-frequency signal does not leak into the gaps, and so the 
resonating frequency in the even mode is a generally fixed value, regardless of the 
length between the resonators and the stubs. On the other hand, the resonating 
frequency in the odd mode varies with the length between the resonator and stub 
and the length of the stub. Thus, the resonating frequency in odd mode can be 
set by the length between the resonator and stubs and so fort. As a result, a 
bandpass filter with two stages can be configured by using the coupling between 
the even mode and the odd mode, and also the resonating frequency in the odd 
mode can be set independently from the resonating frequency in the even mode, 
and the design of the connecting structure can be improved. 

Also, the length between the resonator and the stub is set to an 
approximate value of Xg_odd/2, and so the resonating frequency in the odd mode 
can be set higher than the resonating frequency in the even mode, and a pass 
band can be provided on the higher side of the resonating frequency in the even 
mode. 
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(4). Also, the present invention can be configured such that a 
transmission line connecting structure comprises: a transmission line including a 
dielectric substrate, an electrode formed on each side of the dielectric substrate, 
and a slot having a predetermined width, each slot oppossing one another while 
sandwiching said dielectric substrate, the slot being formed at each electrode, a 
plurality of such transmission lines being connected; wherein an electrode of one 
of the plurality of transmission lines and an electrode of another one of the 
plurality of transmission lines are provided at a distance from one another with a 
gap therebetween; and wherein a resonator is connected to said transmission 
line, one end of the resonator is open on the gap side, the resonator is provided at 
each electrode so as to be able to couple with one another; and wherein a stub for 
suppressing leakage of a signal in the gap between the plurality of electrodes is 
provided at at least one of said plurality of electrodes; and wherein, when the 
wavelength of a high-frequency signal in odd mode which propagates said 
transmission line is A,g_odd, the length of the stub is set to the approximate value 
of Xgjodd/4, and the length between said resonator and stub is set to the 
approximate value of Xg_odd/2. 

In this case also, the length between the resonator and the stub is set to 
the approximate value of kg_odd/2, and so generally the same effects can be 
obtained as with the above description. 

Further, a transmission/reception device such as a communication device, 
a radar device or the like can be configured using the transmission line connecting 
structure according to the present invention. 

With such a configuration, even when multiple transmission lines are 
positioned within a device, these transmission lines can be connected using the 
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resonators. Also, even when there are gaps formed between the electrodes of the 
multiple transmission lines, propagation of the leaked high-frequency signals into 
the gaps can be suppressed with the stubs provided on the electrodes. Therefore, 
the connection state of the transmission lines can be stabilized, and so the 
properties of the entire transmission/reception device can be stabilized, and 
reliability can be improved. Further, the connection properties of the 
transmission lines can be stabilized regardless of the measurement precision or 
mounting precision of the dielectric substrate, electrodes, package and so forth, 
and so the manufacturing cost can be lowered and design freedom can be 
improved for the entire transmission/reception device. 

Brief Description of the Drawings 

Fig. 1 is a perspective view of a transmission line connecting structure 
according to a first embodiment. 

Fig. 2 is an enlarged plan view of the transmission line connecting 
structure in Fig. 1. 

Fig. 3 is a plan view showing a state wherein the slot resonator in Fig. 1 is 
resonating in even mode. 

Fig. 4 is a plan view showing a state wherein the slot resonator in Fig. 1 is 
resonating in odd mode. 

Fig. 5 is a property line diagram showing frequency properties of the 
reflection coefficient and transmission coefficient of the transmission line 
connecting structure in Fig. 1. 

Fig. 6 is a property line diagram showing the results of a simulation of 
frequency properties of the reflection loss of the transmission line connecting 
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structure in Fig. 1. 

Fig. 7 is a property line diagram showing the results of a simulation of 
frequency properties of the reflection loss of the transmission line connecting 
structure in a comparative example. 

Fig. 8 is a property line diagram showing the results of actual 
measurements of frequency properties of the reflection loss of the transmission 
line connecting structure in Fig. 1. 

Fig. 9 is a plan view showing a state wherein a slot stub of the 
transmission line connecting structure according to the first embodiment is 
positioned in close proximity to a slot resonator. 

Fig. 10 is a plan view showing a state wherein a slot stub of the 
transmission line connecting structure according to the first embodiment is 
positioned farther from the slot resonator as compared to Fig. 9. 

Fig. 11 is a property line diagram showing the resonance frequency 
corresponding to the distance measurement between the slot stub and the slot 
resonator. 

Fig. 12 is an enlarged plan view of a first modified example of a 
transmission line connecting structure. 

Fig. 13 is an enlarged plan view of a second modified example of a 
transmission line connecting structure. 

Fig. 14 is an enlarged plan view of a third modified example of a 
transmission line connecting structure. 

Fig. 15 is an enlarged plan view of a fourth modified example of a 
transmission line connecting structure. 

Fig. 16 is an enlarged plan view of a fifth modified example of a 
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transmission line connecting structure. 

Fig. 17 is an enlarged plan view of a sixth modified example of a 
transmission line connecting structure. 

Fig. 18 is an enlarged plan view of a seventh modified example of a 
transmission line connecting structure. 

Fig. 19 is a perspective view of a transmission line connecting structure 
according to a second embodiment. 

Fig. 20 is an enlarged plan view of the transmission line connecting 
structure in Fig. 19. 

Fig. 21 is a disassembled perspective view showing a communication 
device according to a third embodiment. 

Fig. 22 is a block diagram of the communication device in Fig. 21. 

Reference Numerals 

1 slot line (transmission line) 

2, 22 dielectric substrate 

2A, 22A front surface 

2B, 22B back surface 

3 front surface electrode (electrode) 

4, 25, 26 slot 

5, 27 gap 

6 slot resonator (resonator) 

7, 29 matching section 

8, 11, 12, 13, 14 slot stub (stub) 
21 PDTL (transmission line) 
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23 front surface electrode (double-sided electrode) 

24 back surface electrode (double-sided electrode) 
28 PDTL resonator (resonator) 

30 PDTL stub (stub) 



Best Mode for Carrying Out the Invention 

A transmission line connecting structure and transmission/reception 
device according to an embodiment of the present invention will be described 
below with reference to the attached drawings. 

First, Fig. 1 through Fig. 4 illustrate the transmission line connecting 
structure according to a first embodiment. In the drawing, 1 denotes a slot line 
serving as a transmission line. The slot line 1 comprises a dielectric substrate 2, a 
front surface electrode 3 and a slot 4. 

The dielectric substrate 2 is formed in a planar shape with a relative 
permittivity of er, using a resin material, a ceramics material, or a composite 
material wherein these are combined and sintered, and has a front surface 2A and 
a back surface 2B. Also, on the front surface 2 A of the dielectric substrate 2, a 
front surface electrode 3 (an electrode disposed on one side) is provided which is 
formed as a thin film using, for example, an electroconductive metallic material. 
Further, on the front surface electrode 3, a slot 4 is formed which is open in a band 
form (groove) with a fixed width measurement, and this slot 4 extends along the 
transmission direction of the high-frequency signals such as microwaves or 
millimeter waves (the arrow A direction in Fig. 1). 

Also, two slot lines 1 are positioned linearly for example along the 
transmission direction of the high-frequency signal. At this time, the dielectric 
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substrates 2 of the two slot lines 1 are positioned separated from one another. 
Also, with the positions of the two slot lines 1 facing each other, the edge 3A of the 
front surface electrode 3 is positioned farther to the central side (inner side) than 
the edge face of the dielectric substrate 2 for example. Thus, the portion of the 
dielectric substrate 2 protruding towards the other dielectric substrate 2 beyond 
the edge 3A of the front surface electrode 3A has the front surface 2A of the 
dielectric substrate 2 exposed. 

5 denotes a gap formed between the two front surface electrodes 3 which 
make up the two slot lines 1. The gap 5 is formed with a fixed spacing 
measurement of G between the edges 3A of the two front surface electrodes 3, and 
the two front surface electrodes 3 are separated but opposing one another. Thus, 
the gap 5 is sandwiched between the two front surface electrodes 3. 

6 denotes the slot resonators with one end open which are each provided 
on the two front surface electrodes 3. Each slot resonator 6 is made of a 
generally square notch continuous with the slot 4 wherein the edge on the gap 
side is open, and is each connected to a slot line 1. Here, when the wavelength of 
the high-frequency signal in even mode which propagates the slot line 1 is 
^g_even, for example the length Lr along the transmission direction of the 
high-frequency signal of the slot resonator 6 is set to an approximate value of 
Xg_even/4 (LR = Xg_even/4). Thus, when the two slot resonators 6 resonate in 
even mode which has electrical fields E in the same direction with one another, 
the resonance frequency of the slot resonators 6 is a value corresponding to the 
wavelength A,g_even. 

Also, one end side in the length direction of the slot resonator 6 
(transmission direction of the high-frequency signal) is positioned on the edge 
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portion side of the front surface electrode 3 (near the edge 3A) and is open 
towards the gap 5. On the other hand, the other end side in the length direction 
of the slot resonator 6 is extended toward the central side of the front surface 
electrode 3, and also the slot line 1 is connected to the central portion in the width 
direction thereof. Also, the two slot resonators 6 oppose one another with the 
gap 5 provided therebetween, and also are positioned in close proximity so as to 
allow direct electromagnetic coupling of both. 

Also, in between the slot resonator 6 and the slot line 1 is provided a 
matching section 7 such that the slot width expands in a stair-step manner. The 
matching section 7 improves the impedance matching between the slot resonator 
6 and the slot line 1, and optimizes the amount of coupling therewith. 

8 denotes slot stubs formed on the front surface electrode 3. The slot 
stubs 8 are formed of slots which extend from the gap 5 toward the central 
portion side of the front surface electrode 3, and form bands of generally 
quadrangle shapes branched out from the gap 5. Also, the slot stubs 8 are 
provided on each of the two front surface electrodes 3 with the gap 5 provided 
therebetween, and also are provided on both sides in the extension direction of 
the gap 5 with the slot resonator 6 provided therebetween. Thus, there are two 
slot stubs 8 on each front surface electrode 3, for a total of four stubs. Also, the 
length Ls of the slot stub 8 is set to, for example, an approximate value of 
Xg_odd/4 (Ls = Xgjodd) when the wavelength of the high-frequency signal in odd 
mode which propagates the slot line 1 is Xgjodd. Thus, the slot stubs 8 take the 
midpoint portion of the gap 5 positioned on the base end sides thereof as a virtual 
open end as to the high-frequency signal in the odd mode. 

Also, with the slot stub 8, the distance measurement Ds between the slot 
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resonators 6 is set to a value sufficiently smaller than 1/2 (Ds « X,g_odd/2) or a 
value approximately the same value as 1/2 (Ds = kg_odd/2), as to the wavelength 
Xg_odd of the high-frequency wave in odd mode. In other words, the length of 
the gap 5 positioned between the slot stub 8 and the slot resonator 6 (distance 
measurement Ds) is appropriately set by spreading the pass frequency band of 
the two-stage BPF formed from the two slot resonators 6 in the lower side of the 
resonating frequency in the even mode, or in the higher side thereof. 

The transmission line connecting structure according to the present 
embodiment has the above-described configuration, and the operation thereof 
will be described below. 

First, when a high-frequency signal is input into one of the slot lines 1, an 
electrical field E is formed in the width direction of the slot 4, and a magnetic field 
(not shown) is formed in the length direction of the slot 4 and in the thickness 
direction of the dielectric substrate 2. The high-frequency signal is propagated 
along the slot 4 while concentrated in the proximity of the slot 4, and arrives at the 
slot resonator 6 provided on the edge portion of the slot line 1. At this time, the 
two slot resonators 6 are positioned so as to be in close proximity to one another, 
and so the two slot resonators 6 electromagnetically couple with one another. 
Therefore, the two slot lines 1 are connected to each other using the slot resonator 
6, and so the high-frequency signal is propagated from the slot line 1 on one side 
to the slot line 1 on the other side, via the two slot resonators 6 which have been 
electromagnetically coupled. 

Thus, the front surface electrodes 3 which make up the slot lines 1 are 
positioned separate from one another, with the gap 5 provided therebetween at a 
fixed spacing. Also, two slot resonators 6 are positioned facing each other across 
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the gap 5, with the gap 5 side open. Therefore, the high-frequency signal can 
leak from the open end of the slot resonator 6 towards the gap 5. 

At this time, as illustrated in Fig. 3, when the two slot resonators 6 both 
resonate in even mode which has an electrical field E in the same direction as the 
width direction (the direction orthogonal to the transmission direction), an O-O 
face positioned between the two front surface electrodes 3 forms a magnetic wall, 
and thus there is no mode to propagate the gap 5. Conversely, as illustrated in 
Fig. 4, when the two slot resonators 6 both resonate in odd mode which has an 
electrical field E in the opposite direction as the width direction, the O-O face 
forms an electrical wall, and so there is a mode which propagates the gap 5 and 
leaks from the slot resonator 6 towards both sides of the width direction. 
Therefore, with the band in the proximity of the resonance frequency in odd 
mode, a portion of the high-frequency signal propagating the slot line 1 can leak 
within the gap 5. 

On the other hand, the slot lines 1 are generally housed within a package 
or the like, and the front surface electrodes 3 are in contact with a conducting wall 
face in the package and for example are connected to a ground, and so the front 
end of the gap 5 is short-circuited by the wall face within the package. Thus, the 
actual current from the leaked high-frequency signal within the gap 5 flows to the 
conducting wall face positioned on the front end of the gap 5. As a result, the 
resonance frequency of the slot resonators 6 can be easily influenced by the 
connection state of the front surface electrode 3 and the package, and the coupling 
properties of the two slot lines 1 have a tendency to become unstable. 

Conversely, with the present embodiment, the slot stub 8 is provided 
which branches out from the gap 5 on the front surface electrode 3, and so leakage 
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of the high-frequency signal transiting the gap 5 can be suppressed by using the 
slot stub 8. Thus, even when the front end side of the gap 5 is short-circuited by 
the package inner wall or the like for example, actual current from the 
high-frequency signal does not flow to the short-circuit end, and the resonance 
frequency of the slot resonator 6 can be stabilized. 

Now, in order to confirm the effects of the present embodiment, the 
transmission properties of the two slot lines 1 of the present embodiment were 
calculated with regard to a high-frequency signal of 60 GHz for example, with 
electromagnetic field simulation. The result thereof is shown in Fig. 5. 

The relative permittivity er of the dielectric substrate 2 is set as 24.4 (sr = 
24.4), and the thickness measurement of the dielectric substrate 2 Tsub is set as 0.3 
mm (Tsub = 0.3 mm). Also, for the measurements of the various portions shown 
in Fig. 1 and Fig. 2, the width Wq of the matching section 7 is 0.2 mm (Wq = 0.2 
mm), the length Lq of the matching section 7 is 0.225 mm (Lq = 0.225 mm), the 
width Wr of the slot resonator 6 is 0.3 mm (Wr = 0.3 mm), the length Lr of the slot 
resonator 6 is 0.3 mm (Lr = 0.3 mm), and the spacing measurement G of the gap 5 
is 0.1 mm (G = 0.1 mm). Also, the length of the gap 5 between the slot resonator 
6 and the slot stub 8 (distance measurement Ds) is 0.3 mm (Ds = 0.3 mm), the 
width Ws of the slot stub 8 is 0.3 mm (Ws = 0.3 mm), and also the length Ls of the 
slot stub 8 is set as 0.33 mm (Ls = 0.33 mm) for example, so as to be around 1/4 as 
to the wavelength Xgjodd of the high-frequency signal in odd mode. Further, 
the distance measurement R from the slot stub 8 to the end of the gap 5 is set as 
0.5 mm (R = 0.5 mm). 

From the results in Fig. 5, the slot lines 1 are connected using the two slot 
resonators 6, and so the coupling properties using a two-stage bandpass filter 
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(BPF) in a 60 GHz band are obtained. Here, the pass bandwidth BW wherein the 
reflection loss RL is 20dB or less, for example is 10 GHz or more. 

Next, the end position of the gap 5 (distance measurement R) as to the 
connecting structure of the slot lines 1 according to the present embodiment, is 
varied within the range of ±0.2 mm, and the frequency properties of the reflection 
loss RL are calculated using a simulation. This result is shown in Fig. 6. The 
end of the gap 5 is set to be short-circuited. 

From the results in Fig. 6, even if the distance measurement R from the 
slot stub 8 to the end of the gap 5 varies within the range of ±0.2 mm, 6 GHz or 
higher can be secure for the pass bandwidth BW of which the reflection loss RL is 
20dB or less. Thus, the processing precision of the slot lines 1 is low, and for 
example even in the case of the dielectric substrate 2 and the front surface 
electrode 3 and the like generating a measurement error with ±0.2 mm, with the 
connecting structure of the slot lines 1 according to the present embodiment, it 
has become apparent that a pass band of approximately 10% as to the 60 GHz 
which is the frequency of the high-frequency signal can be secured. 

On the other hand, the frequency properties of the reflection loss RL is 
calculated using a simulation as with Fig. 6 with regard to the connecting 
structure of the slot lines 1 with a comparison example wherein the slot stub 8 is 
omitted. The result thereof is shown in Fig. 7. Note that the end position of the 
gap 5 varies within the range of ±0.2 mm, and also the end of the gap 5 was 
short-circuited. 

From the results in Fig. 7, when there is no error in the end position of the 
gap 5 (AR = 0 mm), coupling properties of a reflection loss RL at 20dB or less is 
realized. However, when the end position of the gap 5 is varied ±0.2 mm (AR = 
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±0.2 mm), the coupling properties of the reflection loss RL being 20dB or less 
cannot be obtained at all. Also, such deterioration of the coupling properties 
occur in the case wherein the end position of the gap 5 is varied only ±0.05 mm 
(AR = ±0.05 mm) for example, and it has become apparent that sufficient coupling 
properties could not be obtained with the comparison example. 

Thus, as an effect of the slot stubs 8, it can be confirmed that sufficient 
coupling properties can be obtained between the slot lines 1, even with error in 
the end position of the gap 5. Also, the reflection loss RL was measured for the 
connecting structure of the slot lines 1 actually created, varying the end position 
of the gap 5 within the range of ±0.2 mm. The results thereof are shown in Fig. 8. 
Accordingly the results shown in Fig. 8, even if the end position of the gap 5 with 
the actual slot line 1 varies within the range of ±0.2 mm, around 5 GHz can be 
secured for the pass bandwidth BW wherein the reflection loss RL is 20dB or less. 

Next, the relationship of the resonance frequency and the distance 
measurement Ds between the slot stub 8 and the slot resonator 6 was studied. 
The result thereof is shown in Fig. 11. When the wavelength of the 
high-frequency signal in even mode which propagates the slot line 1 is Xg_even, 
the length Lr of the slot resonator 6 is set to an approximate value of ^g_even/4 
(Lr = A,g_even/4). 

From the results in Fig. 11, when the distance measurement Ds between 
the slot stub 8 and the slot resonator 6 is set to a value sufficiently smaller than 1/2 
as to the wavelength Xgjodd of the high-frequency signal in odd mode (Ds « 
A.g_odd/2), the resonance frequency Fodd in odd mode which is even lower than 
the resonance frequency Feven in even mode becomes a value closer to the 
resonance frequency Feven in even mode. At this time, the two slot resonators 6 
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resonate in a state such as that shown in Fig. 9, and the resonance frequency Fodd 
is a frequency such that the sum of the length Lr of the slot resonator 6, the 
distance measurement Ds between the slot stub 8 and the slot resonator 6, and the 
length Ls of the slot stub 8 is approximately 1/2 of the wavelength X,g_pdd (Lr + 
Ds + Ls = kg_odd/2). 

On the other hand, when the distance measurement Ds between the slot 
stub 8 and the slot resonator 6 is set to approximately the same value as 1/2 of the 
wavelength kg_odd of the high-frequency signal in odd mode (Ds ~ A,g_odd/2), 
the resonance frequency Fodd in odd mode which is even higher than the 
resonance frequency Feven in even mode becomes a value closer to the resonance 
frequency Feven in even mode. At this time, the two slot resonators 6 resonate 
in a state such as that shown in Fig. 10, and the resonance frequency Fodd is a 
frequency such that the sum of the length Lr of the slot resonator 6, the distance 
measurement Ds between the slot stub 8 and the slot resonator 6, and the length 
Ls of the slot stub 8 is approximately the same as the wavelength Xg_odd (Lr + Ds 
+ Ls = Xg_odd). As a result, the distance measurement Ds can be used as a 
degree of freedom for determining the resonance frequency Fodd in odd mode. 

Also, from the results in Fig. 11, when the distance measurement Ds is 
varied, the resonance frequency Fodd in odd mode will vary, but it is clear that 
with the resonance in event mode the high-frequency signal does not leak into the 
gap 5, and so the resonance frequency Feven in even mode hardly varies. Thus, 
the resonance frequency Fodd in odd mode can be determined independently 
from the resonance frequency Feven in even mode, and so the design of the 
connecting structure can be improved. 

Thus, with the present embodiment, the slot stub 8 is provided on the 
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front surface electrodes 3, and so the high-frequency signal leaked from the gap 5 
can be reflected by the band rejection effect of the slot stub 8. Therefore, the 
leakage of the high-frequency signal transiting the gap 5 can be suppressed, and 
so actual current does not flow at the end of the gap 5. As a result, depending on 
the variation in conductive adhesive coating, variation in the package 
measurements, variation in mounting position of the dielectric substrate 2, and so 
forth, when mounting the slot lines 1 to the package, even when the end position 
of the gap 5 has varied, the resonance frequency of the slot resonators 6 is 
stabilized, and sufficient pass band can be secured between the two slot lines 1. 

Also, the mounting position precision of the package and the dielectric 
substrate 2 of the slot lines 1 or the measurement precision of the package is 
relaxed, and so the slot lines 1 can be easily attached to the package, the 
manufacturing cost can be lowered, and freedom of design can be improved. 

Further, the length Ls of the slot stub 8 is set to the approximate value of 
1/4 as to the wavelength ^g_odd of the high-frequency signal when the slot 
resonator 6 resonates in odd mode, and so even when the high-frequency signal 
in odd mode leaks through the gap 5, the branching position (base end side of the 
slot stub 8) of the gap 5 and the slot stub 8 can be made into a virtual open end as 
to the high-frequency signal. Thus, the reflective properties as to the leaked 
high-frequency signal improves, and so the leaked high-frequency signal can be 
blocked at the slot stub 8 in a sure manner, and the stability of the resonance 
frequency of the slot resonator 6 can be further heightened. As a result, even 
when there are comparatively great inconsistencies in the various measurements 
of the dielectric substrate 2 and so forth, a desired pass bandwidth can be secured 
between the two slot lines 1, and also connection loss of the two slot lines 1 can be 
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reduced. 

Also, with the present embodiment, the distance measurement Ds 
between the slot stub 8 and the slot resonator 6 is set to a value sufficiently 
smaller than 1/2 as to the wavelength A,g_odd of the high-frequency signal in odd 
mode (Ds « ^g_odd/2), or to a value generally the same as 1/2 (Ds = >.g_odd/2). 
Thus, according to the value of the distance measurement Ds, the resonance 
frequency Fodd in odd mode of either a low or a high odd mode can be moved 
closer to the resonance frequency Feven in even mode. Therefore, the BPF pass 
band by the two slot resonators 6 can be set as a low frequency side or a 
high-frequency side of the resonance frequency Feven in even mode, and the pass 
band can be widened using the coupling of the two modes. 

Also, by adjusting the distance measurement Ds, a resonance frequency 
Fodd in odd mode can be determined independently from the resonance 
frequency Feven in even mode. Thus, the distance measurement Ds can be used 
as a degree of freedom for determining the resonance frequency Fodd in odd 
mode, and the design of the connecting structure can be improved. 

Further, in the event that the length (distance measurement Ds) of the gap 
5 between the slot resonator 6 and the slot stub 8 is set at a value sufficiently 
smaller than Xg_odd/2, the slot resonator 6 and the slot stub 8 can be positioned in 
closer proximity, and the connecting structure of the slot lines 1 can be made 
smaller. 

The first embodiment has a configuration using a slot stub 8 in an 
approximately quadrangle band. However, the present invention should not be 
limited to this, and as in the first modified example in Fig. 12, a slot stub 11 
wherein the front end portion is formed in a circular arc can be used. In this 
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event, there are no corners on the front end side of the slot stub 11, and so the 
current concentration in the corners is relaxed, and loss of the high-frequency 
signal can be reduced. 

Also, the first embodiment has a configuration using a slot stub 8 
extending linearly. However, the present invention should not be limited to this, 
and as in the second modified example in Fig. 13, a slot stub 12 which is folded 
back at a midpoint can be used. With this, the slot stub 12 can be made smaller. 

Also, the first embodiment has a configuration using a slot stub 8 in a 
band. However, the present invention should not be limited to this, and as in the 
third modified example in Fig. 14, a slot stub 13 which is an approximate circular 
shape can be used, or as in the fourth modified example in Fig. 15, a slot stub 14 
which is an approximate fan shape can be used. In these cases, loss of the 
high-frequency signal can be reduced, and leakage of the high-frequency signal 
can be suppressed over a wide band range. 

Further, the first embodiment has a configuration wherein the slot stub 8 
is provided on both sides of the two front surface electrodes 3 provided apart 
from one another, in the width direction with the slot resonator 6 provided 
therebetween. However, the present invention should not be limited to this, and 
as in the fifth modified example in Fig. 16, slot stubs 8 can be provided on both 
sides of one of the front surface electrodes 3 of the two front surface electrodes 3, 
in the width direction with the slot resonator 6 provided therebetween. 

Also, as in the sixth modified example in Fig. 17, the configuration can be 
made so that a slot stub 8 is provided on one of the front surface electrodes 3 on 
one side of the slot resonator 6 in the width direction, and another slot stub 8 is 
provided on the other front surface electrode 3 on the other side of the slot 
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resonator 6 in the width direction. 

Further, with the first embodiment, the slot stub 8 provided on one of the 
front surface electrodes 3 and the slot stub 8 provided on the other front surface 
electrode 3 are provided in the position which is the same as the distance 
measurement Ds between the slot stub 8 and the slot resonator 6. However, the 
present invention should not be limited to this, and as in the seventh modified 
example in Fig. 18, the slot stub 8 provided on one of the front surface electrodes 3 
and the slot stub 8 provided on the other front surface electrode 3 can be provided 
in a position different from the distance measurement between the slot stub 8 and 
the slot resonator 6. Thus, leakage of the high-frequency signal can be 
suppressed over a wide band range. 

Also, with the first embodiment, a front surface electrode 3 is provided on 
only the front surface 2A of the dielectric substrate 2 and the slot line 1 is 
configured. However, the present invention should not be limited to this, and 
for example a ground electrode can be provided on the almost entire back surface 
2B of the dielectric substrate 2, and a grounded slot line can be configured. 

Next, Fig. 19 and Fig. 20 illustrate a transmission line connecting structure 
according to a second embodiment of the present invention, and a feature of the 
present embodiment is that the transmission line connecting structure comprises 
a slot pattern, resonator pattern, and stub pattern, which are the same on both 
sides of the dielectric substrate, which are positioned opposing one other, and a 
planar dielectric transmission line (PDTL), a PDTL resonator, and a PDTL stub. 

21 denotes a planar dielectric transmission line (hereafter called PDTL 21) 
formed of a double-sided slot line which is a transmission line. The PDTL 21 
comprises a dielectric substrate 22, a front surface electrode 23, a back surface 
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electrode 24, and slots 25 and 26. 

Here, the dielectric substrate 22 is formed in a planar shape with a relative 
permittivity of er, using a ceramic material or the like, as with the dielectric 
substrate 2 according to the first embodiment, and has a front surface 22A and a 
back surface 22B. Also, on the front surface 22 A of the dielectric substrate 22, a 
front surface electrode 23 is provided which is formed as a thin film using an 
electroconductive metallic material, and on the back surface 22B of the dielectric 
substrate 22, a back surface electrode 24 is provided which is formed as a thin 
conductive film. Further, on the front surface electrode 23, a slot 25 is formed 
which is open in a band form (groove) with a fixed width measurement, and on 
the back surface electrode 24, a slot 26 is formed in the position which opposes the 
slot 25 with the dielectric substrate 22 provided therebetween. The slots 25 and 
26 are formed generally symmetrically on both sides 22A and 22B of the dielectric 
substrate 22, and extend along the transmission direction of the high-frequency 
signal such as a microwave or millimeter wave (the arrow A direction in Fig. 19) 
for example. 

Also, there are two PDTLs 21 positioned linearly for example along the 
transmission direction of the high-frequency signal. At this time, the dielectric 
substrates 22 of the two PDTLs 21 are positioned separated from one another. 
Also, in a position where the two PDTLs 21 are facing each another, the edges 23A 
and 24A of the electrodes 23 and 24 are positioned farther to the central side 
(inner side) than the edge face of the dielectric substrate 22 for example. Thus, 
the portions protruding towards the other dielectric substrate 22 beyond the 
edges 23A and 24A of the electrodes 23 and 24 of the dielectric substrate 22 have 
the front surface 22 A of the dielectric substrate 22 exposed. 
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27 denotes a gap formed between the electrodes 23 and 24 (double-sided 
electrodes) which make up the PDTL 21 on one side and the electrodes 23 and 24 
which make up the PDTL 21 on the other side. The gap 27 is formed with a fixed 
spacing measurement between the edges 23A and 24A of the electrodes 23 and 24 
on one side, and the edges 23A and 24A of the electrodes 23 and 24 on the other 
side, and are opposing one another in a state where the electrodes 23 and 24 on 
one side and the electrodes 23 and 24 on the other side are separated. Thus, the 
gap 27 has the electrodes 23 and 24 on one side and the electrodes 23 and 24 on 
the other side provided therebetween. 

28 denotes a PDTL resonator with one end open which is provided on the 
electrodes 23 and 24 of each PDTL 21. Each PDTL resonator 28 is made of a 
generally square notch 28A consecutively formed on the front surface electrode 23 
in the slot 25, and a generally square notch 28B formed consecutively on the back 
surface electrode 24 in the slot 26. Also, these square notch 28A and 28B are 
opposing one another with the dielectric substrate 22 provided therebetween, and 
are formed generally symmetrically on the two sides 22A and 22B of the dielectric 
substrate 22. Also, in the PDTL resonator 28, the length along the transmission 
direction of the high-frequency signal is set to an approximate value of Xg_even/4, 
when the wavelength of the high-frequency signal in even mode which 
propagates the PDTL 21, for example. 

Also, one end side in the length direction of the PDTL resonator 28 is 
positioned on the edge portion side of the electrodes 23 and 24 (near the edges 
23A and 24A) and is open towards the gap 27. On the other hand, the other end 
side in the length direction of the PDTL resonator 28 is extended toward the 
central side of the electrodes 23 and 24, and also the PDTL 21 is connected to the 



DOCSNY-196221v01 



M1071.1978 

- 29 - 

central portion in the width direction thereof. Also, the two PDTL resonators 28 
oppose one another with the gap 27 provided therebetween, and also are 
positioned in close proximity so as to allow direct electromagnetic coupling of 
both. 

Also, in between the PDTL resonator 28 and the PDTL 21 is provided a 
matching section 29 such that the slot width expands in a stair-step manner. The 
matching section 29 improves the impedance matching between the PDTL 
resonator 28 and the PDTL 21, and optimizes the amount of coupling 
therebetween. 

30 denotes a PTDL stub formed on the electrodes 23 and 24. The PDTL 
stub 30 is formed with slot stubs 30A and 30B which extend from the gap 27 
toward the central portion side of the electrodes 23 and 24. The slot stubs 30A 
and 30B are positioned opposing one another with the dielectric substrate 22 
provided therebetween, and forms a band of an approximate quadrangle 
branched out from the gap 27. Also, the PDTL stub 30 is provided on each of the 
electrodes 23 and 24 on both sides in the transmission direction with the gap 27 
provided therebetween, and also are provided on both sides in the extension 
direction of the gap 27 with the PDTL resonator 28 provided therebetween. Thus, 
there are two PDTL stubs 30 on each electrode 23 and 24, for a total of four. Also, 
the length of the PDTL stub 30 is set to for example an approximate value of 
^g_odd/4 when the wavelength of the high-frequency signal in odd mode which 
propagates the PDTL 21 is ?tg__odd. Thus, the PDTL stub 30 can have a midpoint 
portion of the gap 27 positioned on the base end side as a virtual open end as to 
the high-frequency signal in odd mode. 

Also, with the PDTL stub 30, as with the slot stub 8 according to the first 
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embodiment, the distance measurement Ds between the slot stub 30 and the 
PDTL resonators 28 is set to a value sufficiently smaller than 1/2 (Ds « kg_odd/2) 
or generally the same value as 1/2 (Ds == ^g_odd/2), as to the wavelength X,g_odd 
of the high-frequency signal in odd mode. In other words, the length of the gap 
27 positioned between the PDTL stub 30 and the PDTL resonator 28 (distance 
measurement Ds) is appropriately set by spreading the pass frequency band of 
the two-stage BPF formed from the two PDTL resonators 28 in the lower side of 
the resonating frequency in the even mode, or in the higher side thereof. 

The present embodiment also yields similar effects as with the first 
embodiment. 

The present embodiment has a configuration using the PDTL stub 30 
wherein the front end portion is extended linearly in a approximate quadrangle 
shape, as with the slot stub 8 in the first embodiment. However, the present 
invention should not be limited to this, and as in the first modified example, the 
front end portion can be formed in a circular arc, or as in the second modified 
example, the front end portion can be folded back at a midpoint, and as with the 
third and fourth modified examples, a circular shape or a fan shape can be used. 
Also, the positioning of the PDTL stub 30 is not limited to the present 
embodiment, and various placements can be used, as with the fifth through 
seventh modified examples. 

Next, Fig. 21 and Fig. 22 illustrate the third embodiment according to the 
present invention, and a feature of the present embodiment is that the connecting 
structure of the slot line according to the present invention is applied to a 
communication device. With the present embodiment, the same reference 
numerals for the same components in the first embodiment are used, and thus 
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description thereof will be omitted here. 

41 denotes a resin package wherein plating processing (metallization) of 
an electroconductive metallic material is performed, which forms the exterior of a 
communication device. The resin package 41 comprises a casing 42 in a box 
shape wherein the upper face side is open, and a lid 43 which forms an 
approximate planar quadrangle which covers the open side of the casing 42. On 
the outer side of the casing 42, an input terminal 42A and an outputting terminal 
42B for inputting and outputting an intermediate frequency signal IF are 
provided, and also an electrode 42C is provided for inputting a bias voltage Vd. 
On the other hand, an open portion 43A which is open in a tapered manner is 
formed on the central portion of the lid 43 so that transmitting and receiving 
electromagnetic waves is possible between the interior and exterior of the casing 
42, and also a non-feeding antenna 43B is provided within the open portion 43A. 
Also, the non-feeding antenna 43B faces a radiation slot 45A of a later-described 
antenna block 45, and adjusts the directivity and radiation properties (radiation 
pattern) of the radiation slot 45 A. 

44 denotes a multi-chip substrate which forms a dielectric substrate 
housed within the casing 42. The multi-chip substrate 44 comprises, for example, 
five divided substrates 44A through 44E which are formed of dielectric materials, 
and as a whole is shaped as an approximate planar quadrangle. Also, a front 
surface electrode 3 is formed on the almost entire front surface of each of the 
divided substrates 44A through 44E, and also the front surface electrodes 3 on 
each of the divided substrates 44A through 44E are separated by the gap 5. Also, 
on each of the divided substrates 44A through 44E are provided an antenna block 
45, a duplexer block 46, a transmitting block 47, a receiving block 48, and a 
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oscillating block 49, as a functioning block, to be described later. 

45 denotes the antenna block for transmitting transmission waves and for 
receiving the receiving waves. The antenna block 45 is provided on the divided 
substrate 44A which is positioned on the central side of the multi-chip substrate 
44. Also, the antenna block 45 comprises an radiation slot 45A, and the radiation 
slot 45A is connected to the duplexer block 46 by the slot line 1 and the slot 
resonator 6. 

46 denotes a duplexer block which makes up an antenna duplexer which 
is connected to the antenna block 45. The duplexer block 46 is provided on the 
divided substrate 44B which is adjacent to the divided substrate 44A on the rear 
side, and comprises a slot resonator 46A and the like formed of a quadrangle 
shaped open portion. Also, the slot resonator 46A is connected to each of the 
antenna block 45, transmitting block 47, and receiving block 48 by the slot line 1 
and the slot resonator 6. 

47 denotes a transmitting block which is connected to the duplexer block 
46, and is for outputting a transmitting signal towards the antenna block 45. The 
transmitting block 47 is provided on the divided substrate 44C which is adjacent 
to the divided substrate 44B. Also, the transmitting block 47 comprises a mixer 
47A formed using electronic parts such as a field-effect transistor, and which 
mixes an intermediate frequency signal IF with a local oscillating signal output 
from the oscillating block 49 to up-convert this to a transmitting signal, a 
bandpass filter 47B which removes noise signals from the transmitting signal from 
the mixer 47A, and a power amplifier 47C formed using the electronic parts 
which operate with the bias voltage Vd, which amplifies the power of the 
transmitting signal. 
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The mixer 47 A, bandpass filter 47B, and power amplifier 47C are 
connected to each other using the slot line 1. On the other hand, the mixer 47 A is 
connected to the oscillating block 49 with the slot line 1 and slot resonator 6. 
Also, the power amplifies 47C is connected to the duplexer block 46 with the slot 
line 1 and slot resonator 6. 

48 denotes a receiving block which is connected to the duplexer block 46 
and mixes the receiving signal when a receiving signal is received by the antenna 
block 45, and the local oscillating signal output from the oscillating block 49, and 
down-converts this received signal to an intermediate frequency signal IF. This 
receiving block 48 is provided on the divided substrate 44D which is adjacent to 
the divided substrate 44B. Also, the receiving block 48 comprises a low-noise 
amplifier 48A which is formed using electronic part operated by the bias voltage 
Vd and amplifies the receiving signal at low noise, a bandpass filter 48B which 
removes noise signals from the receiving signal from the low-noise amplifier 48A, 
and a mixer 48C which mixes the local oscillating signal output from the 
oscillating block 49 and the receiving signal output from the bandpass filter 48B 
and down-converts this to an intermediate frequency signal IF. 

The low-noise amplifier 48 A, bandpass filter 48B, and mixer 48C are 
connected with each other with a slot line 1. On the other hand, the low-noise 
amplifier 48A is connected to the duplexer block 46 with the slot line 1 and the 
slot resonator 6. Also, the mixer 48C is connected to the oscillating block 49 with 
the slot line 1 and the slot resonator 6. 

49 denotes an oscillating block which is connected to the transmitting 
block 47 and the receiving block 48, and oscillates a local oscillating signal at a 
predetermined frequency (a high-frequency signal such as a microwave or 
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millimeter wave, for example). The oscillating block 49 is provided on the 
divided substrate 44E, which is sandwiched between the divided substrates 44C 
and 44D. The oscillating block 49 is formed using electronic parts and the like 
which operate with the bias voltage Vd. Specifically, the oscillating block 49 
comprises a voltage control oscillator 49A which oscillates the signal of a 
frequency according to a control signal Vc, and a branch circuit 49B for supplying 
the signal from the voltage control oscillator 49A to the transmitting block 47 and 
the receiving block 48. 

The voltage control oscillator 49A and branch circuit 49B are mutually 
connected with the slot line 1. Also, the branch circuit 49B is connected to the 
transmitting block 47 and the receiving block 48 with the slot lines 1 and the slot 
resonators 6. 

The slot resonators 6 are provided in close proximity to the two adjacent 
divided substrates 44A through 44E, and by electromagnetically coupling both, 
the slot lines 1 between the adjacent divided substrates 44A through 44E are 
connected. 

Also, a slot stub 8 is provided on both sides in the width direction of the 
slot resonators 6 which connect between the divided substrates 44 A through 44E. 
This suppresses leakage of the high-frequency signal through the gaps 5 between 
the front surface electrodes 3 to the resin package 41 side. 

The communication device according to the present embodiment is 
configured as described above, and the operation thereof will be described next. 

First, when transmitting is performed using the communication device, a 
local oscillating signal at a predetermined frequency is input into the transmitting 
block 47, using the oscillating block 49, and also an intermediate frequency signal 
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IF is input. Thus, the transmitting block 47 mixes the local oscillating signal 
from the oscillating block 49 and the intermediate frequency signal IF and 
up-converts this, and this up-converted transmitting signal is output toward the 
antenna block 45 via the duplexer block 46. As a result, the antenna block 45 
radiates a high-frequency transmitting signal through the radiation slot 45A, and 
the non-feeding antenna 43B adjusts the radiation pattern of the transmitting 
signal and transmits toward the exterior through the open portion 43A of the lid 
43. 

On the other hand, when receiving is performed using the 
communication device, the receiving signal received from the antenna block 45 is 
input into the receiving block 48 via the duplexer block 46. At this time, a local 
oscillating signal at a predetermined frequency is input into the receiving block 48, 
using the oscillating block 49. Thus, the receiving block 48 mixes the local 
oscillating signal from the oscillating block 49 and the received signal, and 
down-converts this into an intermediate frequency signal IF. 

Thus, according to the present embodiment, the slots lines 1 of the 
divided substrates 44A through 44E are electrically connected using the slot 
resonators 6 in a state of non-contact, and also the slot stubs 8 are provided on the 
periphery of the slot resonators 6. Thus, propagation of the high-frequency 
signal leaked within the gaps 5 can be suppressed. Therefore, the connection 
status of the slot lines 1 can be stabilized, and so the properties of the 
communication device overall can be stabilized, and reliability can be improved. 
Further, regardless of the measurement precision or mounting precision of the 
resin package 41, multi-chip substrate 44, front surface electrode 3 and the like, 
the coupling properties of the slot lines 1 can be stabilized, and so the 
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manufacturing cost of the communication device overall can be lowered and 
freedom of design can be improved. 

With the third embodiment, an example is described wherein a 
transmission line connecting structure according to the present invention is 
applicable to a communication device which is a transmission/reception device. 
However, the present invention should not be limited to this, and can be applied 
to a transmission/reception device such as a radar device or the like for example. 

Also, with the third embodiment, slot lines 1, slot resonators 6, and slot 
stubs 8 are used. However, the present invention should not be limited to this, 
and the configuration can use PDTL, PDTL resonators, and PDTL stubs, as with 
the second embodiment. 

Also, with each of the above embodiments, matching sections 7 and 29 are 
provided between the slot lines 1 and the slot resonators 6, and PDTLs 21 and the 
PDTL resonators 28. However, the present invention should not be limited to 
this, and for example the matching sections can be omitted and the slot lines and 
PDTLs can be directly connected to the slot resonators and PDTL resonators. 

Also, with each of the above embodiments, the edges 3A, 23A, and 24A of 
the front surface electrodes 3 and 23 and the back surface electrode 24 are 
positioned in a position different from the edge faces of the dielectric substrates 2 
and 22. However, the present invention should not be limited to this, and for 
example the end of the front surface electrodes and back surface electrodes can be 
positioned in the same position as the edge face of the dielectric substrate. 

Further, with each of the above embodiments, the two slot lines 1 and 
PDTLs 21 are provided separate from the two dielectric substrates 2 and 22. 
However, the present invention should not be limited to this, and for example two 
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slot lines can be provided by providing two front surface electrodes separately on 
one dielectric substrate, or two PDTLs can be provided on one dielectric substrate. 
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